To conserve the Tosa-no-Onagadori (briefly Onagadori), one of the native Japanese chicken breeds designated as a Special National Natural Treasure of Japan, time-dependent changes in genetic diversity and structure were analyzed based on 20 microsatellites. From three varieties (black-breasted white, black-breasted red, and white) of the Onagadori reared in Nankoku City, Kochi Prefecture, Japan, blood samples were collected in 1999, 2005, and 2009-2010. Significant genetic differentiation was recognized among breeders and among varieties in the whole Onagadori population, but it was not observed between years. Focusing on breeders, some populations showed decrease in allelic richness (AR) and expected heterozygosity (H E ) with advancing years. Focusing on varieties, AR of the black-breasted red variety showed significant loss from 1999 to 2010, resulting in the significant loss of AR in the whole Onagadori population. In contrast, the AR and H E of the black-breasted white and white varieties were constant across sampling years. The D A genetic distance among populations decreased with sampling years, and genetic homogeneity increased in the whole Onagadori population. Structure analysis supported K＝2, dividing the genetic constitution into Onagadori-specific one and the rest. In the black-breasted white variety, the birds that have Onagadori-specific genetic composition increased with time. On the contrary, in the black-breasted red and white varieties surveyed in 2009-2010, there was no bird that showed Onagadori-specific genetic background of more than 75%. To maintain the Onagadori in Nankoku City for a long term, regular monitoring of genetic diversity and systematic reproduction using excellent black-breasted white birds that have the Onagadori-specific genetic composition should be continued.
Introduction
The Tosa-no-Onagadori (briefly Onagadori; Japanese Extremely Long Tail) is a special breed of native Japanese chickens and has been designated as a Special National Natural Treasure of Japan (Tsudzuki, 2003) . Males of the Onagadori show no molting in some tail feathers and saddle hackles throughout their lives. In an exceptional case, tail feathers reach 10 m long. Today, the Onagadori is mainly reared in Nankoku City, Kochi Prefecture, Japan. It has three plumage color varieties: black-breasted white (Japanese name, shirafuji, Fig. 1-a) , black-breasted red (akazasa, , and white (hakushoku, Fig. 1-c ). This breed is thought to have been created during the Edo Era (1603-1867) of Japan, with black-breasted white as original plumage color (Tsudzuki, 2006) . The black-breasted red and white varieties are thought to have been established by crossing with other breeds. At present, about 200 adult birds are reared by several private breeders in Nankoku City.
From previous analysis of microsatellite DNA polymorphisms for the three varieties of the Onagadori reared in Nankoku City, the Onagadori-specific genetic background was observed mainly in the black-breasted white variety (Tadano et al., 2009) . On the other hand, even in the birds with black-breasted white plumage, some individuals do not have the Onagadori-specific genetic background. The existence of such birds may be one of the reasons for the decrease of superior males that show unusual extension of tail and saddle feathers. Therefore, it is quite important for the conservation of the Onagadori to reveal the genetic structure of all individuals and to identify the birds with the Onagadori-specific genetic background.
In addition to the selection, genetic diversity, especially its time-dependent changes should be investigated within the Onagadori populations for conservation purposes, because an intense loss of genetic diversity may lead to the extinction of the breed in the future. In the present study, we investigated time dependent changes in the genetic diversity and structure of the Onagadori in Nankoku City based on microsatellite DNA polymorphisms.
Materials and Methods

Samples Analyzed
Details of the Onagadori samples collected in Nankoku City are shown in Table 1 . Three color varieties of the Onagadori (black-breasted white, black-breasted red, and white) were analyzed in this study. From each variety reared by private fancy breeders, blood was collected in 1999 , 2005 and 2010 . In 1999 , sampling was performed only from individuals for which sampling was allowed by breeders. However, in 2005 However, in , 2009 However, in and 2010 , sampling was performed from almost all individuals reared in Nankoku City. Although almost all samples in 2005 are the same as those analyzed by Tadano et al. (2009) , 16 samples from 3 populations were newly added and reanalyzed in the present study (Table 1) . The samples in 2009 were combined with those collected in 2010 and dealt with as 2010 samples because the former were collected from only one population (breeder A) and all the birds (minus the dead ones) were in the same chicken facility of breeder A in 2010.
Breeders A and B kept a large number of birds (approximately 100, as of 2010) and are key persons of the Onagadori conservation club. Breeders C, D and E had approximately 10-30 birds, and they had maintained their respective Onagadori populations across all sampling years. Breeders F, G and H had approximately 10 birds in 2005, but stopped rearing them in 2010. We collected samples from breeders I and J only in 1999. Breeders K and L started rearing the Onagadori after 1999, so we collected blood samples from their birds only in 2005 and 2010. The number of chickens kept by breeders K and L were approximately 30 and 10, respectively. The samples from breeder M were collected only in 2005. Breeders N and O started rearing the Onagadori after 2005, and the number of birds kept by them was approximately 10 each. In addition to the blood sampling, we also interviewed these breeders to trace the origin of their birds.
DNA Extraction and Genotyping
Genomic DNA was extracted from frozen whole blood according to the standard phenol-chloroform method of Sambrook and Russell (2001) . Twenty microsatellite markers were amplified using the GenAmp PCR System 9700 (Applied Biosystems, Foster City, CA, USA) as reported by Tadano et al. (2009) . The PCR products were electrophoresed with a size standard using the ABI 310 automated DNA sequencer (Applied Biosystems). Determination of the fragment size and genotyping were performed with the Gene- Oka et al.: Genetic Diversity of Onagadori Mapper 3.7 software (Applied Biosystems).
Statistical Analysis
Genetic differentiations (F ST ) between each category, such as sampling year, owner (breeder), variety and sex, were estimated by the analysis of molecular variance (AMOVA) using the Arlequin 3.5.1.2 program (Excoffier and Lischer, 2010) . To estimate genetic diversity, corrected mean number of alleles by population size (allelic richness: AR) and expected and observed heterozygosity (H E and H O ) were calculated. These diversity indices and inbreeding coefficients (F IS ) were estimated with the Fstat 2.9.3 program (Goudet, 1995) . The values were compared between sampling years and populations using the nonparametric method of the Wilcoxon signed-rank test and Freedman test with the Steel-Dwass test for pairwise comparison. The D A genetic distance was calculated among populations of each breeder in each year using the Dispan program (Ohta, 1993) , and a phylogenetic tree was constructed with the Neighbor program in the Phylip 3.5 package (Felsenstein, 1993) on the basis of the Neighbor-Joining (NJ) method (Saitou and Nei, 1987) with 1,000 bootstrap resampling tests to estimate the robustness of clustering. Furthermore, to estimate the genetic background and degree of admixture, a model-based Bayesian clustering was conducted using the Structure 3.2 program (Pritchard et al., 2000) . Twenty independent simulations were carried out for each presumed number of genetic clusters (K) ranging from 1 to 10. The admixture model with the correlated allele frequencies was used at 10,000 MCMC sampling after 10,000 burn-in periods. To determine the reasonable number of K, the ΔK estimate (Evanno et al., 2005) was calculated and similarity coefficient among 20 independent simulations of each K (Rosenberg et al., 2002) Journal of Poultry Science, 51 (3) The same letters denote the same breeder across the years. * Same samples used in previous study (Tadano et al., 2009) . was calculated using the Clumpp 1.1.2 program (Jakobsson and Rosenberg, 2007) .
Results
Time-dependent Changes in Genetic Diversity of Onagadori Populations
AMOVA estimated significant F ST values among breeders and among varieties (F ST ＝0.054 and 0.066, respectively, P＜0.001), whereas no genetic differentiation was observed among years and among sexes (P＝0.068 and 0.856, respectively).
Genetic diversity indices estimated in each population are shown in Table 2 Fig. 2 . In the NJ tree of 1999, the populations kept by breeders A, C, and J were clustered with 71.1% bootstrap value, and populations of breeders G, H, and I formed another cluster (78. 0% bootstrap value). The populations of breeders B, D, and F were located between these two clusters. In 2005, the populations of breeders H, K, and L composed a cluster (97.5%), and E and F were also clustered (100.0%). The populations of breeders A, B, C, D, and G did not form a cluster. In 2010, the populations of breeders A, C, D, K, L, and N formed one cluster, and populations E, O, and B were separated from the Oka et al.: Genetic Diversity of Onagadori 
Time-dependent Changes in Genetic Structure of Onagadori Populations
The ΔK value, which is one of the indices for the suitable number of K, indicated a maximum K value of 2. The 20 runs in Structure analysis at K＝3 had maximum similarity coefficient. The distribution of genetic clusters observed with high frequency in the black-breasted white variety (shown in blue color in Fig. 3) showed similar trend in K＝2 and 3. Therefore, the genetic background of the Onagadori populations in Nankoku City was classified into two types; that is, (1) the original genetic background of the Onagadori that was observed in the black-breasted white variety with high frequency and (2) the rest.
In the black-breasted white variety, the frequencies of the birds that have the original Onagadori genetic background of more than 90% increased with time from 0.318 ( (2005) birds that have the original Onagadori genetic background of more than 75%, and in 2010 no such bird was found.
Discussion
Time-dependent Changes in Genetic Diversity of Onagadori Populations
From the results of AMOVA, it was revealed that there were no significant genetic differentiations among sampling years (from 1999 to 2010) taking the entire Onagadori population in Nankoku City as a whole, although significant genetic differentiations were observed among breeders and varieties. The genetic differentiation observed among varieties in 1999 and 2010 populations was similar to the results of Tadano et al. (2009) for the 2005 population. The genetic differentiation observed among breeders suggests the necessity of adequate conservation program for each breeder as a future conservation strategy.
In the whole Onagadori population in Nankoku City, the H E and H O were constant from 1999 to 2010. This result contrasts with those of Oka et al. (2008 Oka et al. ( , 2009 in which significant loss of H E was found in two native Japanese chicken breeds (Aizu-Jidori and Ryujin-Jidori). The discrepancy is thought to result from the population size in each breed. In Nankoku City, approximately 200 birds of Onagadori had been kept by approximately ten breeders through the sampling years. It is thought that the relatively large number of individuals reared inhibited the reduction of heterozygosity. Focusing on varieties, significant loss of AR in the black-breasted red variety was observed in 2010 as compared with 1999. The use of limited number of sires and dams may have led to this AR reduction. Focusing on breeders, significant loss of H E was observed in the population of breeder A. This phenomenon may also have resulted from the limited number of individuals used for reproduction as in the case of AR reduction mentioned above.
Genetic Relationships Among Breeders
According to interview information, the key persons breeding Onagadori were A, B, and D in 1999, A and B in 2005, and again A and B in 2010. The breeder J had started rearing the Onagadori before 1999 using birds provided by breeder A. Breeder C had sometimes exchanged sires and dams with breeder A before 1999, although breeder C had Summarizing the phylogenetic trees from 1999 to 2010, it is apparent that genetic distances became smaller between the population of breeder A and those of his closely-related breeders; that is, genetic homogeneity has progressed in their Onagadori populations, and three major groups of Onagadori have been created genetically in Nankoku City as of 2010.
Time-dependent Changes in Genetic Structure of Onagadori Populations
In the entire Onagadori population in Nankoku City, the frequency of individuals having Onagadori-specific genetic composition (shown in blue color in Figure 3 ) increased with sampling years. Among individual breeders, it showed a gradual increase in breeder A, a rapid increase in breeder B, and a decrease in breeder K. This is thought to reflect the practices of these breeders in rearing the Onagadori. Traditionally, breeders had selected excellent birds according to morphological features. Breeders A and B had reared the Onagadori for a long time (more than 30 years). On the other hand, the experience of breeder K in raising the Onagadori was less than 10 years. Differences in experiences of rearing the Onagadori are thought to have resulted in the increase and decrease of the number of excellent individuals. Judging from these, genetic structure analysis based on DNA polymorphisms will be greatly helpful for beginner breeders for correctly selecting excellent birds, as they cannot usually select excellent birds based on morphological features only. In fact, we have already confirmed by a follow-up in Nankoku City that the males that have Onagadori-specific genetic background (blue color in Figure 3 ) in high percentage show superior extension of tail feathers and saddle hackles.
Three black-breasted red birds of breeder G in 1999 and three white birds of breeder E in 2005 showed more than 75% Onagadori-specific genetic composition. However, in the next sampling year, there were no such birds. This fact suggests the probability that random genetic drift may have led to the loss of the original genetic background of the Onagadori in populations kept in small sizes. In contrast, although few or about half of black-breasted white birds of breeder B had Onagadori-specific genetic composition (＞ 75%) in 1999 and 2005, respectively, almost all the blackbreasted white birds sampled in 2010 had more than 75% of the Onagadori-specific genetic background except for three birds. Judging from these results, the black-breasted white birds of breeder B in 2010 are thought to have been derived from a small number of excellent parents. In addition to the excellent genetic background, decrease of genetic diversity and increase of inbreeding were not observed in the birds. This is a successful case of breeding with highly desirable results. Therefore, it is imperative in the future to investigate continuously the birds of breeder B with attention to genetic diversity and extension of tail and saddle feathers, for conserving excellent birds. Hiraoka (2000) thought that poor extension of the tail feathers was caused by one of the inbreeding effects. However, previous (Tadano et al., 2009) as well as the present study revealed that the reduction of tail length is attributed to genetic composition rather than inbreeding. In addition, the present study revealed time-dependent changes and present status of genetic diversity and structure of all known Onagadori reared in Nankoku City. Therefore, the present study will provide the guidelines for long-term conservation of the Onagadori in Nankoku City. The proposed strategies are as follows: 1) Black-breasted white birds that have the Onagadorispecific genetic background should be selected by DNA analysis and propagated. Traditional morphological methods should be combined with the DNA method when selecting excellent birds. 2) Black-breasted red and white varieties should be improved by continuous backcrosses with excellent black-breasted white individuals that have the Onagadori-specific genetic background. 3) Monitoring of genetic diversity in each population and genetic relationships among populations should be regularly performed to prevent the loss of genetic diversity.
Performing these strategies, the excellent Onagadori with the original genetic background will be conserved for a long time into the future.
